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ABSTRACT

Garfield WTP did not comply with its NPDES permit during a survey in
October 1986. The plant exceeded the numerical limit and pollutant
removal requirement for BOD. TSS was within its numerical limit, but
did not meet the removal requirement. WTP effluent accounted for 70
percent of the flow In the upper reaches of Silver Creek and 20 per-
cent at the creek mouth. Water quality violations in Silver Creek
included depressed oxygen, excessive TSS, and toxic levels of un-
ionized ammonia and total residual chlorine. Other stream sources
include unknown sources above the discharge point and livestock wastes.
Water quality in Silver Creek can be improved by eliminating direct
discharge of the WIP to the creek, preventing livestock access, and
eliminating the unknown upstream source.

INTRODUCTION

The town of Garfield is located about 16 miles north of Pullman,
Washington. The Garfield Wastewater Treatment Plant (WTP) provides
secondary treatment for a community of 600 people. The WTIP consists
of a clarifier, biofilter, anaerobic digester, and sludge drying beds.
Treated effluent is chlorinated and flows about 1400 feet to Silver
Creek (Figure 1).

Silver Creek passes two agricultural chemical suppliers (Palouse
Producers, Inc. and McGregor Co.) located in town. The WTP effluent
enters Silver Creek downstream of the town. From there the creek
flows westward 4.5 miles until it joins the Palouse River at Elberton.

Garfield WIP was built about 1951, An efficiency study of the plant
was done in 1974, but the impact of the effluent on Silver Creek has
never been measured. The Eastern Regional Office (ERO) of the Depart-
ment of Ecology requested Ecology's Water Quality Investigations
Section (WQIS) to evaluate the performance of the WIP and to measure
the effect of the discharge on Silver Creek. The field survey was
carried out on October 7 and 8, 1986, The study was performed by the
author and Lynn Singleton with the assistance of Carl Nuechterlein and
Lawrence Peterson of Ecology's ERO. Jim Bolyard, the WIP operator,
was on hand during the work.

The survey objectives were as follows:
1. Assess the treatment efficiency of Garfield WIP and compliance
with their NPDES (National Pollutant Discharge Elimination Sys-

tem) permit.

2. Conduct an analysis of loading from the plant during seasonal low
flow and determine any receiving water impacts.

The data will establish a water quality baseline. FERO will use the
results to determine what, if any, treatment upgrade may be necessary.
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METEODS

Ecology's ISCO composite samplers collected 200 ml samples every 30
minutes for 24 hours from the WIP influent and effluent. Garfield's
Jim Bolyard manually composited two grabs (his normal practice) taken
at 1700 hours on Cctober 6 and 0800 hours on October 7.

Ecology and Garfield composite samples were well mixed and subsamples
taken for analysis of turbidity, conductivity, chloride, COD (chemical
oxygen demand), BOD (biochemical oxygen demand), and TSS (total sus-
pended solids). In addition, the Ecology compositor subsamples were
analyzed for nitratetnitrite and ammonia, total phosphorus, and total
alkalinity (as CaC0,). Subsamples from the Ecology composite sampler
were sent to the Colfax WTP laboratory (the contract laboratory for
Garfield WIP). The subsamples were analvzed for BOD and TSS as a
laboratory quality-assurance check.

Three sets of grab samples were taken from the influent and effluent
during the course of the WTP inspection. Laboratory analyses were
performed for turbidity, conductivity, chloride, COD, fecal coliform,
nitratetnitrite and ammonia, total phosphorus, TSS, and total hardness
(as CaC0,). Also, total- and free-chlorine residuals were measured in
the efflient with a LaMotte chlorine comparator. Effluent samples for
fecal coliform analysis were placed in bottles treated with sodium
thiosulfate to arrest disinfection by the chlorine.

A brief study was conducted to estimate the die-off of FC due to
chlorine contact in the discharge line. Five ml of Rhodamine wt dye
were dropped into the discharge line at its head. It emerged in
Silver Creek about 30 minutes later. A large sample of effluent was
taken at the WIP and well mixed. Two subsamples were poured into two
FC sample bottles. The first ("initial") contained thiosulfate to
stop chlorine action to indicate FC levels at that point. The other
bottle (containing no thiosulfate) was placed in the dark at ambient
temperature (with the first) to partially simulate travel time in the
discharge line. (Full simulation was not possible because the bottle
lacked agitation while in dark storage.) Chlorine action in this
bottle was stopped after 30 minutes when the contents were dumped into
a thiosulfate-treated bottle. The rate of die-off was determined as
follows:

Percent reduction FC = {Final [FC] / Initial [FC]} * 100 (1)

Samples and instrument readings were taken at nine places along Silver
Creek above and below the WIP discharge point (Figure 1). These were
analyzed for turbidity, chloride, COD, fecal coliform, nitratetnitrite
and ammonia (as nitrogen), total phosphorus, and TSS. Instrument
readings included pH, conductivity, and dissolved oxygen (D.0.). Both
the Orion pH meter and the YSI D.0O. meter were calibrated at the
beginning of each day. Calibration was rechecked at the end of each
day's work. On several occasions, it was necessary to collect Winkler
D.0. samples when the instrument was not available. These samples
were preserved by adding MnSO, and ATA reagents and storing in the
dark until acidification and titration later.



Samples for laboratory analysis were stored In ice chests and sent to
the Manchester Environmental Laboratory so that bacteriological analy-
sis could begin within 30 hours of sampling. Analyses were performed
according to procedures in APHA (1985) and EPA (1979).

Un-ionized ammonia levels were calculated from temperature and pH by
computer with a program developed by Yake and James (1983).

Stream flows were measured at sample sites below the WIP with a Marsh-
McBirney flow meter and a top-setting rod. Flow sites above the WIP
discharge had too low flow for stream flow measurement. WTP flow was
determined by placing a Manning Dipper portable flowmeter at a Parshall
flume built into the effluent channel of the WTP. Loads at the WIP

and stream sites were calculated for several pollutants by using
THD-WHO (1978):

L=+fc¢d (2)
where L = load (1b/day)
¢ = concentration of material (mg/L)
d = stream or WIP flow (cfs)
and f = 5.3936 (conversion factor)

lLoads of fecal coliform were calculated from the above equation as
adapted from Kittrell (1969):

]

L fecal coliform load (no./day)

c concentration of FC (no./100mL)
d = stream or WIP flow (cfs)

f 24,600,000 (conversion factor)

it

RESULTS AND DISCUSSION

Garfield WIP Abbreviated Class II Inspection

Figure 2 shows the physical structure and flow pathways within Gar-
field WIP. It appears that the clarifier receives comminuted raw
influent and flow from the biofilter. Thus the clarifier serves as
both a primary and secondary clarifier (Reif, personal communication).
The mixing of biofilter effluent with untreated influent reduces
treatment efficiency. Upgrade of the plant should include an addi-
tional clarifier.

Table 1 summarizes water quality data gathered from the WIP influent
and effluent with limits from the NPDES permit. Temperature, pH, and
conductivity showed little change as a result of treatment, and pH was
within permit limits. Treatment resulted In substantial increases in
dissolved oxygen and chlorides. The increase in chlorides is consis-
tent in all grabs and the composite samples. The cause may be leach-
ing of chlorine from the rock in the trickling filter, or evaporation.
An unknown cleaning or grit removal agent may also be the cause, and
the operator should be consulted.

4



WILSAS NV HAOIE

TUSTTNITUIN FOVULS T TON/S

N ENINSEA * P r5rd Dbt
ALIHOHS LNFILETIUL TTBMTLSEN DAILEINT

& FINerS

) FEENIXT To
VOILLY INIXIOFY " ESY i - oo e e f

FHONTE e « e

LNITTIN B, 27

A75S A7 FrEIL
[TT—; s SR L S |
o os L4

V4
7

NI720E XPT 3
FALON WAy

YO_LISO4WOD
ANTNT443

- VIO FZANS

QL ZFEICHOE/T

[

| D TENEH D
LOVUANCD
PN/ XOTHT
YOLISOIWOD T
NIOTIN] “ITUSTY
A AM

ooy I3UST50

ONE LN IET
b}\\\%\ 7O S FO7
TIIBT AN PO
Worltils £=77)
I8 TEDIN YN THY

— —— e o i o -

XYTLIISOIF




*SUOTIPIJUIDUOD JUSNTIUT yons jo

jusdzad 1 aq T{BYS SITWIT Juanyjye afexsae L[ysuow sy3 ‘i/8m gz ueYl S9B] S} UOTFIRIIUIOUOD SPFIOS papuadsns 10 JOg ITINTIUL II = g
*ATuo aydwes 93T7sodwod KB0[0dy uUO paseq UOTIBINITE) = V
‘e3Ep ou 10 a[qedFTdde 0N =

S ¥ ¥ ¥ H€S61°0 * ¥ ¥ ¥ x 8S1°0 % ¥ % ¥ ¥ ¥ ¥ [3uanTyutj/[3usniIza]
sjuam
¥ ¥ ¥ ¥ SY ¥ ¥ ¥ * 00Y Sh ¥ * M ¥ §°8-6'9 ¥ * *oAy A1yeeM -a1rnbay
Jymiaqg
3 ¥ ¥ ¥ 419 ¥ ¥ ¥ ¥ 00z (113 ¥ ¥ * ¥ $°8-6°9 * ¥ TaAy ATYIuOW SAAIN
¥ 6°0 ¥ 9°0 T'0 0°1 ¥ 80 9°Z ¥ %0 9°0 %1 0°1 ¥ ¥ ¥ ¥ <~ucusawuﬂu\ﬁucmsawwwu
* ¥ ¥ [t 61 ¥ * ¥ ¥ * 0Tt 9t L8S * ¥ ¥ ¥ P12133e)d
¥ 01C * 1 72 979 * 11 "1 * 87 0%l 8€ G6S * ¥ * ¥ A3o0100g 3IueniIzd
¥ ¥ * 43 01z ¥ % ¥ ] * 96 09¢ 0€ 619 ¥ ¥ ¥ ¥ PI®T3180
x 0f£2 *» 0T o1t L°9 ¥ ASEA M) * 01l o€z LT LLS ¥ % * S 4301007 3jusnIFuUI
(L103e10qRT A30T00y Lq pszdTrur) saydmeg ajysodwmo)
§°Z ¥ O%1 €l ¢ §°9 ¢21°0 11 871 6¢ * ET1 oYy LI YA §°L %'9 0791 a3vxaay
S°T ¥ ¥ €1 %Z %'9 8L1°0 Tl ST L1 ¥ 011 43 % 09% 9°L 1'9 6°Sl1 S¥11 98/8/01
$°C ¥ 0%l €1 ST 9°9 %6070 01 1°2 0¢ ¥ QLT Y ¥ toY S°L 89 T°91 0891
S°T * 0%l Y1 {2 %9 8£1°0 ¢l 8" 1 0LT ¥ 0C1 9% ¥ 09% 9L T°9 6°S1 SITT 98/L/01 3usniz3a
¥ x 0OY1 12 8 v°6 ¥ %°01 €%°0 000°00S°1 ¥ 0Lt x4 % 6% €L §°% 9°L1 a8easay
¥ ¥ ¥ 44 0Z1 9°¢L ¥ 2T 0%°0 ¥ ¥ 0€£T 0OF ¥ 00§ 2L §°9 0°L1 0511 98/8/01
¥ x 09I L1 29 L6 ¥ ¥'6 TH'0 000°00%°l LIV TAA 9z ¥ E8Y ¢ L * €°/L1 0es1
¥ * 0%1 Vi £9 11 ¥ L6 8%'0 000°009°1 * 09¢ %2 * 00§ €L §°C 9°81 0011 98/4/01 3uanijzul
so1dmeg qel1n
LI - 2 0 5 5 2 =5 g 8 & § 4 2 5 = 15
= H wn i Ind w ~0 =] (=] . >3 © 4] 8 g ad
O - oot o g [yl o — 0 - —~ w e il 1]
o w e —~ = [=} il + (= ~ ~ -~ o w . m
= —~ ] a, =] ] =1 =] =] B =] . -
o = o e 79 wn . =4 (@] T g ] [} o [
ial e -] rt ~ - o o ~ ~ ~ v P
SR = S Ee £ £ &£ - & £
n o » z Qm S\wav 5 Iy Aaummonazv 8 o
® 2 " = = wuommy ® 5 puon " -
= © w ~ ~ = *oadg g o
~ ) ~ ~ oQ ~
Q = <
S ~ =
r,s(u\ S~

*sjuamaifnbaa 3fmied SHQIN YITA uostaiedwod B 9pnIdUT €ITNSIA Y
£3T17983 2y3l jo uof3dadsuy I 8SBID B Sulinp JIM PIRFJIED JO IUSN[JIJ3 pue juanfjul ay3 moxj paiayled ejep Layrenb zagem [ Iqel

‘9861 182403150 uy



The strength of Garfield's influent appeared to be near the lower end
of the typical range (Metcalf and Eddy, 1972). Estimated flows (0.076
MGD) were about as expected based on a 100 gpd per capita input.

After treatment, total phosphorus levels were reduced slightly.
Nitratetnitrite increased. Ammonia levels were relatively unchanged
by treatment. The proportions of nitratetnitrite to ammonia suggest
that little nitrification was occurring (W. Yake, 1987, personal
communication).

Turbidity, total suspended solids, BOD, and COD levels were reduced by
the treatment. Compositor results suggest that BOD exceeded the
monthly average permit limit and was slightly above the weekly limit
as well. When influent BOD is less tham 200 mg/L, the permit speci-
fies an effluent limit of 15 percent of influent levels. Compositor
results suggest that the treatment process did not achieve this level
of removal. TSS results seemed to comply with the numerical limits of
the permit. However, like BOD, influent TSS was less than 200 mg/L
and the percent—of-influent limit was applicable. Effluent TSS (22
percent of influent) exceeded the limit slightly.

Fecal coliform levels were well within permitted limits. The effluent
values shown in Table ! were from samples taken downstream of the
chlorine contact chamber (Figure 2). Use of dye indicated a detention
time of 15 minutes within the chlorine contact chamber. The chlorine
level after passing through the chamber was 2.5 mg/L, and FC was
69/100 ml.. Further die-off occurred in the discharge line. Results
of the die-off study showed a reduction of 96 percent (from 69 FC/100
ml, to 3 FC/100 ml) during a 30-minute travel time within the discharge
line. Ecology (1985) recommends a detention time of one hour under
average conditions and 20 minutes under maximum flow. The combined
detention time (contact chamber plus discharge line) of 45 minutes is
close to the recommended time.

The high chlorine residual at the plant and the large FC reduction in
the discharge line suggest that the level of chlorine residual injected
into the discharge (2.5 mg/L) is unnecessarily high. There is no
numerical limit for chlorine residual in the current NPDES permit.

The chlorine level at the WTP was five times higher than the usual
limit (0.5 mg/L). The chlorine injection resulted in significant
levels of chlorine detected in the receiving waters. This will be
discussed later.

As a routine procedure, WIP flow 1s estimated daily by the plant
operator. The exact method is unknown at present (C. Nuechterlein,
1987, personal communication). The waste stream passes through a
Parshall flume before reaching the outfall line (Figure 2). The
dimensions of the flume were measured and compared with standard
dimensions found in Stevens (1978). The findings indicate that the
flume was not constructed accurately (Figure 3). In addition, the
throat appears to have been prefabricated out of steel plate. The
bottom plate is missing and the underlying concrete surface is rough.
The sides are badly rusted.
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There are several other problems that need attention. The ladder for
the biofilter (Figure 2) is rusted through and needs replacement. The
Dorco distribution arm is powered by water pressure generated by plant
flow. When WTP flow is low, the arm stops and wastewater becomes
concentrated at one place. If the stoppage is extended, microbial
growth elsewhere would become stressed or die from desiccation.
Operational or equipment changes should be made to allow rotation at
all times. A possible solution is the placement of a recirculation
pump in a sump that would provide a constant flow of clarifier water
to the biofilter regardless of the influent flow (Reif, personal
communication). The distribution arm could be hydraulically driven
with that flow,

Figure 4 is the record of the portable flowmeter. The flow calculated
from this record was 0.076 MGD. Wastewater tended to move in slugs,
and the flume was essentially dry between pump cycles. During the
same day, the flow estimated by the plant operator (DMR report submit-
ted a month after the survey) was 0.094 MGD. Since the method used to
measure flow is not known (and therefore its accuracy cannot be deter-
mined), the flowmeter value was used to calculate plant loads.

The intermittent nature of the discharge may be related to the high
levels of chlorine residual discussed earlier. Tt is possible that
the varying plant flow causes uneven chlorination of the effluent.
This issue should be explored and a correction (if necessary) included
in upgrade planning.

The average un-ionized ammonia in three grabs of effluent was 0.123
mg/L, over six times higher than the four-day chronic criterion (0.021
mg/L.) established in EPA (1986). Un-ionized ammonia levels in indi-
vidual effluent grabs was at or near the one-hour acute criterion
(0.11 to 0.13 mg/L).

Loads of several parameters are summarized in Table 2. The results
(based on data in Table 1) indicate that the Garfield WIP was well
within the limits for total poundage of BOD and TSS imposed by the
NPDES permit. This would have also been true if the greater flow
determined by the routine WTP procedure had been used.

Table 3 compares the results of split composite samples for BOD and

TSS analyzed by Ecology's Manchester laboratory and the Colfax WTP
laboratory. The data suggest a lack of comparability. While the
results from the split samples from the Ecology influent composite are
nearly equal (110 vs. 114 mg/L), the result from the Garfield composite
analyzed by the Colfax lab seemed excessively high (96 vs. 159 mg/L).
TSS results from the Colfax lab from both influent composites were
significantly lower than the results from Manchester (110 vs. 84 mg/L
or 24 percent lower; 210 vs. 134 mg/L or 36 percent lower).



Figure 4. Manning flowmeter record obtained from Garfield WTP during
an abbreviated Class II inspection/receiving water study
conducted during October, 1986.

10
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Table 3. Comparison of split-sample results from composite samples
collected during a Class ITI inspection of Garfield WIP in
October 1986.

BOD (mg/L) TSS (mg/L)
Ecology Colfax Ecology Colfax
Laboratory Laboratory Laboratory Laboratory
Influent  Ecology 110 114 110 84
Garfield 96 159 210 134
Effluent  Ecology 48 33 24 22
Garfield 42 37 19 30

BOD effluent results from the Colfax lab were slightly lower than
those from Manchester (48 vs. 33 mg/L or 32 percent lower; 42 vs. 37
mg/L or 12 percent lower). TSS results for the Ecology composite
sample were nearly equal. But the Colfax result from the Garfield
composite was 160 percent higher (19 vs. 30 mg/L) than Manchester's
result.

There does not appear to be satisfactory correspondence between the
two labs. The results from the Colfax lab are not consistent enough
for NPDES permit verification. The Colfax lab should be given a
specifically designed quality assurance evaluation which should in-
clude replicated sampling.

Samples of anaerobically digested and dried sludge were taken for
metals analysis as part of the survey. The results are summarized in
Table 4. The results indicate that Garfield WIP sludge has very low
metals concentrations.

Table 4. Metals concentrations in dried sludge from Garfield WIP in
October 1986. Results are compared to data collected during
previous Class II inspections at other wastewater treatment
(trickling filter) plants in this state (Heffner, 1986).

Garfield Previous Surveys

Number
Concentration Geometric Mean Range of

Metal (ug/g dry wt.) (ug/g dry wt.) (ug/g dry wt.) Samples
Cadmium 0.15 5.6 1.0 - 31.3 16
Chromium 1.1 40 8.9 - 180 16
Copper 45.5 500 190 - 1320 16
Lead 3.5 297 156 - 566 16
Nickel 0.84 28.5 19.7 - 41.1 14
Zinc 40 1600 1110 - 2310 16

12



Silver Creek Receiving Water Survey

The major source of flow in the upper end of Silver Creek at the time
of the survey was the WIP. Stream flow was visually estimated to be 1
to 3 gallons per minute (0.007 cfs) at river mile (r.m.) 5.4. The
flow at r.m. 4.6 was estimated to be the difference between the flow
at r.m. 3.9 cfs and that of the WIP (0.05 cfs, Table 5). WTP flow
accounted for nearly 70 percent of the flow at r.m. 3.9, about a
half-mile downstream. Stream flow increased 2.5 times at r.m. 2.2
likely due to input from Silver Springs above the sampling point
(Figure 1). At this point the percentage of effluent accounted for 28
percent of the flow. An additional 0.2 cfs was added between r.m. 2.2
and the stream mouth. The estimated percentage of WIP effluent at the
river mouth was 20 percent.

According te Velz (1970), travel time through a stretch of stream can
be estimated by dividing the channel volume by the stream flow. The
channel volume can be calculated by multiplying the average cross-
sectional area of the channel by the length of the stretch. Travel
times in the uppermost three stretches were estimated using the cross-
sectional area at r.m. 3.9 (0.5 square foot). This value was assumed
to be typical throughout the three stretches. The travel time through
the uppermost stretch (r.m. 5.4 to r.m. 4.6) was about 12 hours (as-
suming a flow of 0.05 MGD at r.m. 4.6).

Travel times for the next two stretches (r.m. 4.5 to 3.9 and r.m. 3.9
to 2.2) were 3 and 11 hours, respectively. (The stream flow was
assumed to be 0.16 cfs in these two stretches.) In the lowest segment
(r.m. 2.2 to 0.0), travel time was 10 hours. In this case, the cross—
sectional area at r.m. 0.0 (2.3 square feet) was assumed to be typical
of the stretch and the flow at this point was used in the calculation.
The travel time for the entire stream was estimated to be 36 hours; 24

hours from the WIP discharge to the creek mouth.

The section of creek in the vicinity of the agricultural-chemical
firms was channelized and bare of vegetation. Above and below this
section, the creek channel supported abundant plant growth. Conduc-
tivity, chlorides, and all forms of nutrients increased sharply (Table
5) downstream of McGregor Co. {(r.m. 5.05). Un-ionized ammonia levels
remained far below toxic limits, however. These changes were probably
due to several seeps located below an unlined aeration pond operated
by the McGregor Co. The pond has since been replaced by a lined pond
(C. Nuechterlein, 1987, personal communication). Oxygen was much
higher than the substandard levels above the town (r.m. 5.4). Both
oxygen and temperature fluctuated widely at r.m. 5.05, probably due to
daily warming by the sun of the unshaded sides and bottom of the
stream channel.

There is an unexplained source between r.m. 5.05 and r.m. 4.6. Con-
ductivity, chlorides, COD, fecal coliforms, nitrogenous nutrients and
phosphorus increased sharply in this stretch. The resulting un-—
ionized ammonia substantially exceeded the l-hour toxic criterion

13
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(EPA, 1986). Oxygen decreased significantly. There appears to be a
small drainage entering the creek from the north and one agricultural
chemical facility (the former Palouse Producers, Inc.) located down-
stream of r.m. 5.05. Either could be the source. It appears to be
very concentrated. A number of cattle graze near the stream in this
stretch., But fecal coliform levels at r.m. 4.6 were within the water
quality standard and clearly too low for animal waste to be the source.

Fecal coliforms violated water quality standards below the plant
discharge (r.m. 4.4). Grazing animals were a source. There was
abundant waste on the stream banks, and a major animal crossing at
r.m. 4.4, downstream of the discharge. On the other hand, FC levels
in the short ditch (connecting the discharge line to the stream) were
quite high (500 col./100 mL on October 7, 1987; Table 5). The short
discharge ditch also contained abundant growth of Sphaerotilus, an
iron-fixing filamentous bacteria that thrives in organic-rich environ-
ments (APHA, 1985), possibly due to the presence of WIP effluent. It
is possible that FC from the WIP may occasionally reach higher levels
than indicated in this study (Tables 1 and 5) due to uneven chlorina-
tion caused by intermittent plant flow.

Tt appears that effluent diluted the nitratetnitrite and ammonia in
the receiving water. On the other hand, the WIP increased chloride,
COD, turbidity, and TSS substantially. Total phosphorus and oxygen
remained relatively unchanged and un-ionized ammonia was at or slightly
above the l-hour toxic criterion set by EPA (1986). Temperature and
pH remained within the state water quality standard. Oxygen levels
were substandard, but it would be difficult to separate the role of
the upstream source from the plant discharge. Total residual chlorine
at r.m. 4.4 was over 100 times higher than the l-hour criterion (0.019
mg/L) set by EPA (1986). The chlorine in the creek was clear evidence
of the presence of effluent. It is possible that the excessive levels
of chlorine in the stream may have reduced FCs to some extent.

At r.m. 3.9, FC remained high. Horses pastured nearby had direct
access to the stream near the sampling site. Thus FC levels in the
stream was likely a mixture of near and distant sources. Ammonia and
total phosphorus remained high, although nitratetnitrite was substan-
tially reduced. Un-ionized ammonia remained near toxic levels.
Oxygen was low, although higher than at r.m. 4.4., immediately down-
stream from the WTP discharge. Total residual chlorine was absent.

The diluting effect of Silver Springs was obvious at r.m. 2.2. Con-
ductivity, chloride, COD, and temperature were substantially reduced.
Low ammonia and high nitratetnitrite suggest the occurrence of nitri-
fication (the bacteria-mediated conversion of ammonia to nitrate) in
this stretch of stream. Un-ionized ammonia was absent. Total phos-
phorus and COD were sharply reduced. A change in the character of the
stream channel (from grass—choked ditch to a rock-lined stream with
turbulence in sections) probably increased aeration rates. Oxygen
conditions were improved although still marginal. FC levels were
within the limits of the water quality standards.



Water quality at the mouth of Silver Creek (r.m. 0.0) met the stan-
dards for all parameters which suggested nearly complete recovery.
Nitratetnitrite was reduced compared to r.m. 2.2, due possibly to
primary productivity. However there was little evidence of excessive
eutrophication in the stream bed.

Table 6 summarizes an analysis of locads for Garfield WTP and several
points in Silver Creek. The chloride load in Silver Creek is derived
primarily from the WTP (which makes up 90 percent of the load at r.m.
3.9). Since chloride is a conservative, non-reactive substance, the
load downstream should remain constant (or increase if additional
sources exist). However, a "loss" of 40 percent occurred at r.m. 2.2,
and the load at r.m. 0.0 appears to be low. This may be due to error
in the flow measurement, particularly at r.m. 2.2 which had an irregu-
lar cross-sectional area. On the other hand, the problem may rest
with the chloride analyses.

In order to evaluate this issue, a "conductivity load index" was
calculated. Since conductivity should vary directly with chloride,
the index should decrease at r.m. 2.2 as did the chloride load. The
"conductivity load index" was calculated by multiplying the flow in
the stream by the conductivity. Since conductivity is a physical
characteristic rather than a concentration, the use of the term "load"
is inappropriate. Table 6 shows that the index increases continuously
throughout the stream and did not drop at r.m. 2.2 as did the chloride
load. Thus the chloride results may be suspect. In any case, care
must be taken in drawing inferences from the analysis, particularly
downstream,

The loads above the discharge ditch (r.m. 4.6) were added to those of
the WTP to compare with r.m. 3.9, the next site downstream. High
nitratetnitrite and ammonia from upstream of r.m., 4.6 produced signifi-
cant nitrogen loads despite low flow. ZLoads of these materials were
higher than those from the WIP. These were likely due to the uniden-
tified upstream source(s) discussed earlier.

There appeared to be highly significant unidentified sanitary sources
below the WIP discharge point. Only a small fraction of the FC load
at r.m. 3.9 could be explained by upstream sources. The very high FC
load suggests that grazing animals and/or variable chlorination con-
tributed substantially to downstream FC loads. An unknown fraction of
the load may also be due to regrowth of FC in stream bed sediments and
subsequent release during disturbance.

Total inorganic nitrogen (TIN) at r.m. 3.9 was about 40 percent lower
than the sum of the upstream loads. Ammonia was only slightly re-
duced, but nitratetnitrite was reduced substantially. The reduction
of nitrate suggests a high rate of primary productivity. But total
phosphorus (which should decrease proportionally) did not change. It
is possible that an additional phosphorus source exists between r.m.,
4,4 and r.m. 3.9, but there is no evidence for this at present.

Table 6 shows that ammonia decreased 11.9 lbs/day between r.m. 3.9 and
r.m. 2.2. The reduction was likely due to nitrification. But the
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nitratetnitrite load increased by only 1.5 1bs/day in the same stretch
and part of this load was probably input from Silver Springs. The
"lost" nitrate was probably incorporated into plant tissue through
primary production. The oxygen required for nitrification was sup-
plied by aeration and primary production, but the supply exceeded the
demand only slightly. Relatively low oxygen levels prevailed at r.m.
2.2 (Table 5).

Although there was little evidence of eutrophication in swift-moving
channels, there was abundant growth of aquatic plants in slow-moving
stretches. Tt appears that Silver Creek may be nitrogen-limited due
to the abundance of phosphorus. The ratio of nitrcgen masses to
phosphorus required to produce a mass—equivalent of plant material is
about 7:1 (Welch, 1980). The ratio of nitrogen (inorganic) to phos-
phorus (total) at the mouth of Silver Creek (r.m. 0.0) was about 1:1
(Tables 5 and 6). The low ratio suggests that Silver Creek may have
been nitrogen~limited at the time of the survey.

CONCLUSIONS

1. The Garfield WTP exceeded the monthly average limit for BOD and
percent BOD removal failed to achieve the required BOD removal.
TSS seemed to comply with the monthly average criterion, but the
plant exceeded the required TSS removal. Loading of BOD and TSS
were within permit requirements. The plant conformed to the
NPDES limit for pH and fecal coliform bacteria.

2. The WIP needs to add a separate secondary clarifier. The Par-
shall flume was inaccurately constructed. The present operation
of the trickling filter arm is intermittent rather than continu-
ous. Both need repair. Intermittent discharge may result in
inefficient chlorination of the effluent.

3. Garfield WIP's contract laboratory at Colfax lacks comparability
with the Manchester Envirommental Laboratory.

b, The WIP contributes to violations of the state water quality
standard for dissolved oxygen and toxic levels of ammonia in the
upper end of Silver Creek. The WIP wmay partially contribute to
FC violations also.

5. There are one or more Iimportant sources located between the WTP
discharge and the McGregor Co. agricultural chemical facility.
These (as yet) undiscovered sources contribute significantly to
pollutant loads into Silver Creek.

6. The treatment plant discharges highly toxic chlorine residuals
into the creek. Grazing animals appear to be the main source of
FC viclations in the stream. But the WIP may partially contrib-
ute due to inefficient chlorination related to intermittent plant
flow. FC levels in the stream may be increased by bacterial
regrowth in the stream.
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Garfield WTP contributes about 70 percent of the flow in the
upper end of Silver Creek, ranging to 20 percent at its conflu-
ence with the north fork of the Palouse. High levels of nutri-
ents may increase the potential for eutrophication in Silver
Creek. Silver Creek may be nitrogen-limited because of high
levels of phosphorus from the WTP,

RECOMMENDATIONS

The WTP should be upgraded to achieve a higher level of treat-
ment. A separate clarifier should be added. The Parshall flume
should be rebuilt, the trickling filter should be changed to
permit continuous operation, the ladder on the biofilter should
be replaced, and chlorination practices reviewed.

A special quality assurance study should be conducted on the
Colfax laboratory using replicate and spiked samples.

Upgrade of the WTP should include removal of direct discharge to
prevent ammonia and chlorine toxicity in Silver Creek. In the
event that land disposal is impractical, chlorine levels should
be limited to meet the water quality criterion. This would
likely require dechlorination of the effluent prior to discharge.

A concurrent program should be undertaken to locate and eliminate
unknown sources and to fence animals away from the stream.,
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